Abstraet--A multi-component (NH~/H20) Kalina-type cycle that utilizes the exhaust from a gas turbine is investigated in this paper. The turbine-inlet pressure of 5.96 × 106 N/m z and temperature of 755.372 K were kept constant, as welt as the working fluid temperature at the condenser outlet (at 290 K). The NH3 mass fraction at the turbine inlet was varied along with the separator temperature and the effects on the cycle efficiency were studied. The relationships between turbine-inlet flow and the separator-inlet flow are shown in addition to the upper and lower NH3 mass-fraction bounds. The multi-component working-fluid cycle investigated is 10-20% more efficient than a Rankine cycle with the same boundary, conditions.
INTRODUCTION
Since the first electric generating station in the U.S. (the Brush Electric Light Company in Philadelphia) went into service in 1881, engineers have been working to improve the efficiency of the Rankine cycle for electricity production. 1 The addition of superheat, multiple reheat and supercritical cycles have helped push the thermal efficiency from 7 to approximately 38%.z The introduction and improvement of equipment such as air heaters, economizers and regenerative feedwater heaters have also contributed to the thermal efficiency increase. Advances in metallurgy, coupled with the previously mentioned cycle and equipment improvement, have raised the steam-generator outlet conditions from 1.0 x 106 N/m 2 and 500 K in the 1880s to units which went on line in the late 1950s and early 1960s and operated at 2.4 x 107 N/m 2 and 865 K. An example is the unit of the Cleveland Electric Company's Avon Lake Station Unit #8. 3 However, one item has remained constant since Hero of Alexandri'a's erigine: the use of water as the working fluid.
A method for increasing the thermal efficiency is the use of a binary cycle. In this system, the condenser of the higher boiling-cycle fluid is the boiler for the lower boiling-point fluid. As early as the 1920s, several binary cycles were being explored. Some of the fluids looked at were mercury, aluminum bromide, zinc ammonium chloride and diphenyloxide: Mercury/water binary cycles have been used most frequently. It should be noted that the New Hampshire Public Service Schiller plant went on line in the early 1950s with a heat rate that is commendable by today's standard, 9700 k J/kWh? "6 It was decommissioned in the late 1970s. Metallurgical and safety concerns on the mercury portion curtailed further development: A similar cycle receiving recent attention is the Anderson power cycle, which has been patented. "~' 9 The Anderson cycle H20 condenser is the R-22 refrigerant boiler. It is important to remember that, in these binary cycles, the two components are totally segregated.
The multi-component working-fluid power cycle studied in this paper is different from the previously mentioned binary cycles in that the working fluids progress through the cycle (compression, evaporation, expansion and condensation) together in the same flow stream. More than two fluids may be employed but this study is beyond the scope of this paper. This cycte has an advantage over traditional binary cycles by requiring one !ess boiler feed pump : ; To whom all correspondence should be addressed. Figure 3 shows the cycle used in this investigation, while Table 1 shows a list of the different components (with the number identifying it) used in the cycle. The cycle is sinailar to a simple Figure 5 (b) shows a family of two-phase curves for an NH3/H20 mixture for pressures from 1.0 x 105 to 1.0 x 107 N/m 2. It can be seen from the plots that the two-phase region is reduced in extent as the pressure is increased; this reduction, in turn, reduces the range of the temperature at which the separator will operate. RESULTS 
CYCLE OPERATION

AND DISCUSSION
The separator-inlet flow (normalized with respect to the turbine-inlet.floW)is plotted vs the separator temperature in Fig. 6 for 5.0 x 105 N/m z. Holding the turbine-inlet riiass fraction Xio6 constant and raising the separator temperature reduces the amount of flow to the separator. Accordingly, less dilute flow is required. On the other hand, holding the separator temperature constant and increasing X106 will increase the amount of flow to the separator. Figure 7 shows the relationship between the separator temperature and separator-ialet NH3 mass fraction required for an energy balance around the separator at the pressure of 5.0 x 105 N/m z. At other values for the separator pressure, another two-phase diagram is obtained and accordingly another relationship results between the separator temperature and separator inlet NH3 mass fraction. Figure 8 shows the relation between cycle efficiency and separator temperature. For a given turbine-inlet mass fraction, Xlo6, as the separator temperature increases, the cycle efficiency increases up to a maximum and then starts to decrease. This behavior can be explained as follows: as the separator temperature is increased, the NH3 mass fraction at the separator inlet increases (see Fig. 7 ). In order to keep the bubble-point temperature constant, the condenser similar to that shown in Fig. 8 . Also, the plot showed that for a given separator temperature, the cycle efficiency will be increased by decreasing the separator pressttre. For more details, see Ref.
23. The Kalina cycle described in this paper has the following advantages over the Rankine cycle: (i) a 10-20% more efficient vapor power cycle; (ii) reduced thermal pollution from the condenser circulating water; (iii) reduced combustion by-products such as SO2.
CONCLUDING REMARKS
In this paper, we have described the operation and design of a multi-component (NH3/H20) Kalina-type cycle that utilizes the exhaust from a gas turbine.
For a given turbine-inlet mass fraction Xtas, as the separator temperature increases, the cycle efficiency increases up to a maximum and then starts to decrease. Also, as Xto6 decreases at a given separator temperature, the cycle efficiency will increase. On the other hand, for a given turbine-inlet mass fraction X106 and separator temperature, the cycle efficiency will be increased by decreasing the separator pressure.
The Kalina cycle described in this paper is 10-20% more efficient than a Rankine cycle operating under similar conditions. Additional advantages were introduced with the cycle design by reducing thermal pollution from the circulating condenser water and reducing combustion by-products such as SO2.
The papers published on this cycle all show greater thermodynamic efficiencies than the Rankine cycle, u-is The 3 MWe Kalina cycle currently under construction in Canoga Park, California, should answer many questions as well as provide confirmation of the predictions made in papers such as Ref. 25 . Fig. 3 
